We aimed to investigate the presence, distribution and abundance of chicken ovalbumin upstream promoter transcription factor 1 (COUP TF1; also known as Nuclear Receptor Subfamily 2 Group F Members 1/2 -NR2F1 in the germinative zones of human telencephalon during the fetal period. This transcription factor is of significance for the normal neuronal migration and differentiation of projection neurons in the mouse forebrain. 
INTRODUCTION
The cerebral cortex оf mammals is generated predominantly during the embryonic period by stem cells and their derivative progenitors in the pallium of the developing telencephalon. Various genes in complex interactions are involved in the processes of differentiation of the cerebral cortical neurons (1, 2) . Chicken ovalbumin upstream promoter transcription factors (COUP-TFs) also designated as Nuclear Receptor Subfamily 2 Group F Members 1/2 (NR2F1/NR2F2) are orphan members of the steroid/thyroid hormone receptor superfamily. COUP-TF genes have been cloned from many species and their sequences are exceptionally conserved through evolution. This suggests a critical role for the COUPTFs in these organisms. They play a key role in the regulation of organogenesis, neurogenesis, and cellular differentiation during prenatal development (3-5). COUP-TFs are also involved in the regulation of several genes that encode metabolic enzymes. They have been shown to negatively regulate the activation function of vitamin D, thyroid hormone, retinoic acid, the retinoid X and the peroxisome proliferatoractivated receptors (6, 7) . COUP-TF1 (NR2F1) has been shown to interact with other transcription factors such as Oct-3/4, Sp8, Pax6, Emx2 and Fgf signaling pathway (8) (9) (10) . It modulates the migration of supragranular cortical neurons and favors proper differentiation of projection neurons (11) . COUP-TF1 negatively regulates the expression of TF Pax6 (12), a key regulator of cortical development. A low-rostral to high-caudal gradient is described for COUP-TF1 and its ablation in cortical progenitors causes transformation of more caudally located primary sensory areas into the rostrally located frontal/motor areas.
The aim of the present study was to investigate the expression and distribution of COUP TF1 in various regions of developing human cortex during the embryonic period.
MATERIAL AND METHODS
Tissue samples from spontaneously aborted human fetuses aged 12 to 28 gestational weeks (g.w.) were acquired with an informed written consent of the patient (mother) and in strict observance of the current legal and ethical regulations (approved research protocol № 19/05.04.2012 of the Research Ethic Committee at Medical University of Varna). The tissues were fixed in 4% paraformaldehyde for 2 weeks, and subsequently processed for paraffin or frozen sections and stained by standard histological and immunohistochemical techniques. Sets of paraffin sections were stained by cresyl violet for overview and orientation of the zones and layers. Sets of cryosections were stained by indirect immunofluorescence for COUP-TF1/NR2F1. The mouse primary antibody IgG2a, dilution 1:100 (Perseus Proteomics, Tokyo, Japan) was applied at 4 o C overnight. 
RESULTS
Specific cortical zones of the developing human fetal telencephalon were identified and investigated on sections stained with cresyl violet (Fig. 1) . COUP-TF1 expression in the occipital cortex at stage 17 th g.w. was detected in all major zones of the pallium, including the ventricular zone (VZ), the outer subventricular zone (oSVZ), the intermediate zone (IZ), the cortical plate (CP), and the marginal zone (MZ). These are zones where cortical progenitors are born (VZ/SVZ) and migrate through IZ toward their journey toward the CP during development (Fig. 1) .
In order to evaluate the abundance of the COUP-TF1 positive cells, we compared their number with the number of all cells (DAPI-stained) (Fig. 2) .
In all zones investigated the COUP-TF1 expressing cells presented a relatively high fraction (~71-95%) of the cells with the highest value of 95.24% detected in the VZ (Fig. 3) .
DISCUSSION
Here we show that TF COUP TF1/NR2F1 is expressed by cortical progenitors and immature neurons in developing occipital cortex of humans at the early stages of cortical neurogenesis (g.w. 17). Further, we estimate that nearly all progenitors in VZ and the majority of oSVZ progenitors and CP cells as well as cells in the IZ express COUP-TF1/NR2F1. In mice, COUP-TF1 is a critical regulator of cortical regionalization and the maintenance of cortical identity (9) . Analyses of null mice showed a misbalance between early-born and late-born cortical neurons, which is consistent with our finding of massive COUP-TF1 expression in early born human neocortical progenitors. Further, miswired area-specific connections between the cortex and the thalamus in COUP-TF1 null mice indicate this TF plays a critical role in the establishment of proper neocortical connections (13, 14) . Our data on COUP-TF1 expression are in consent with previous findings that this transcription factor is a key promoter of caudal cortical identity (10). Disturbances in COUP TF1 guided events related to neuronal cortical progenitors may be implicated in human neocortical disorders.
CONCLUSIONS
COUP TF1 expression is abundant in cortical progenitors and immature neurons of the developing human occipital lobe. Thus, COUP-TF1 might be involved in the regulation of human neocortical neurogenesis, similarly to its function in the mouse (9) (10) (11) 13, 14) .
3.
Sugiyama T, Wang JC, Scott DK, Granner DK. Transcription activation by the orphan nuclear receptor, chicken ovalbumin upstream promoter- 
